Childhood excess weight, which increases the risk of non-communicable diseases^(^ [@ref1] ^)^, has risen over time^(^ [@ref2] ^,^ [@ref3] ^)^, while childhood underweight has decreased in most countries^(^ [@ref3] ^)^. Between the years 1980 and 2013, the global prevalence of excess weight increased by 47 % in 2--19-year-olds^(^ [@ref2] ^)^. Childhood excess weight is also prevalent in Finland, reaching about 24 % in 2--16-year-old children in 2014--2015^(^ [@ref4] ^)^. Thus, tackling this public health problem is essential.

Childhood excess weight could be prevented by enhancing physical activity^(^ [@ref5] ^,^ [@ref6] ^)^ and promoting healthy eating^(^ [@ref7] ^)^, such as increased consumption of fruits and vegetables^(^ [@ref7] ^--^ [@ref9] ^)^. In most countries, including Europe, adolescents eat less fruits and vegetables than the minimum 400 g/d recommended by the WHO and the FAO^(^ [@ref10] ^)^. Adolescents also favour more energy-dense, nutrient-poor foods (including ultra-processed foods, sweets and soft drinks)^(^ [@ref11] ^)^. A healthy diet, consisting of an adequate consumption of fruits, vegetables, poultry, fish, low-fat dairy products and whole grains, decreases the risk of excess weight in paediatric and adult populations, while an unhealthy diet that is high in red and processed meats, refined grains, starchy foods, sweets and high-fat dairy has been associated with excess weight^(^ [@ref12] ^)^. An abundant consumption of specific unhealthy food items such as sweets and sugar-sweetened soft drinks has been related both to underweight^(^ [@ref13] ^)^ and excess weight^(^ [@ref14] ^,^ [@ref15] ^)^.

An irregular breakfast pattern, including breakfast skipping, has been found to increase the risk of excess weight in children and adolescents in several international studies^(^ [@ref16] ^--^ [@ref20] ^)^. Szajewska and Ruszczynski^(^ [@ref21] ^)^ conducted a meta-analysis that included 57 481 European children and adolescents, which further emphasized the association between breakfast skipping and excess weight. Breakfast patterns and weight status have also been studied in Finland, where a high BMI was linked to more frequent breakfast skipping in children and adolescents^(^ [@ref22] ^,^ [@ref23] ^)^. In turn, having a family meal^(^ [@ref24] ^)^ or following a regular meal pattern^(^ [@ref25] ^)^ was suggested to protect against excess weight. In addition, following a regular breakfast, school lunch and dinner every school day may promote a healthy lifestyle in children and adolescents^(^ [@ref22] ^)^.

There is a need for an in-depth understanding of the ongoing obesity epidemic and similarly to plan strategies to promote healthy weight and healthy eating in children and adolescents more effectively. There is a scarcity of Finnish studies on eating habits and their association with weight status in adolescents^(^ [@ref15] ^,^ [@ref26] ^)^ and young adults^(^ [@ref27] ^,^ [@ref28] ^)^. Thus, the aim of the present study was to examine whether eating habits and breakfast, lunch and dinner patterns during school days are associated with weight status in 9--14-year-old adolescents in Finland.

Materials and methods {#s1}
=====================

The Finnish Health in Teens (Fin-HIT) study was conducted in children aged 9--14 years, henceforth denoted 'adolescents', attending the third to sixth grades in 496 schools in forty-four municipalities in Southern, Middle and Northern Finland in 2011--2014. This cross-sectional study included 10 569 adolescents who had information on weight status, eating habits and consumption of meals available at baseline.

In the Fin-HIT cohort, the overall response rate was 30 % as described in detail elsewhere^(^ [@ref29] ^)^. The distribution of main sociodemographic characteristics (sex and language) is similar to that in the general Finnish paediatric population^(^ [@ref30] ^,^ [@ref31] ^)^. Adolescents and their parents signed a consent form to participate in the study. The study protocol was approved by the Coordinating Ethics Committee of the Hospital District of Helsinki and Uusimaa (169/13/03/00/10).

Data collection took place in schools, where participants answered a web-based questionnaire on an electronic tablet. The questionnaire for adolescents covered, among others, lifestyle factors, diet and eating-related health behaviour. Adolescents' age, sex and language spoken at home were obtained from the consent form or from questionnaires, and were confirmed afterwards through linkage to the National Population Information System at the Population Register Centre. Further information is described elsewhere^(^ [@ref29] ^)^.

Anthropometric measurements {#s1-1}
---------------------------

The adolescents had their height and weight measured in a standardized manner by trained fieldworkers while wearing light indoor clothing^(^ [@ref29] ^)^. In summary, height was measured to the nearest 0·1 cm with a plastic stadiometer at the end of expiration; weight was measured to the nearest 0·01 kg using daily-calibrated digital scales. All measurements were repeated twice. The weight of indoor clothing was estimated by fourteen clothing items and deducted from the measured weight prior to the calculation of BMI (\[weight (kg)\]/\[height (m)\]^2^). For the analysis, BMI was then classified as weight status (underweight, normal weight, overweight and obese) according to age- and gender-specific International Obesity Task Force cut-offs^(^ [@ref32] ^)^. The groups of overweight and obese were combined and henceforth denoted as 'excess weight'.

Eating habits {#s1-2}
-------------

We obtained information on eating habits with a fourteen-item FFQ related to the past month. The food items were key indicators of dietary fibre, calcium and products typical for youth culture^(^ [@ref33] ^)^. The frequency of food consumption was self-reported and assessed by a 7-point scale varying from 0 ('not consumed') to 6 ('consumed several times per day').

Three eating habits were identified and defined in the Fin-HIT cohort as described elsewhere^(^ [@ref34] ^)^. Briefly, factors were extracted from ten food items using factor analysis. The five resulting factors were used in *k*-means cluster analysis to detect the three different eating habits: 'healthy eaters', 'unhealthy eaters' and 'fruit and vegetable avoiders'. Healthy eaters consumed more dark bread, fresh vegetables, fruits and berries compared with the others. Fruit and vegetable avoiders had the lowest intake of fresh vegetables, fruits and berries. Unhealthy eaters were the most frequent consumers of sweet pastries, biscuits or cookies, ice cream, sugary juice drinks, fast food (hamburgers or hot dogs) and salty snacks.

Frequency of breakfast, lunch and dinner {#s1-3}
----------------------------------------

Frequency of breakfast, lunch and dinner was asked with a question on 'How often do you typically eat following meals during a school week?' ranging from 'never' to '5 school days a week' on a 6-point scale, which has been used previously in Health Behaviour in School-Aged Children (HBSC) Study^(^ [@ref33] ^,^ [@ref35] ^)^. Breakfast, lunch and dinner patterns were defined as regular when adolescents ate breakfast, lunch and dinner every school day and irregular if consumed less frequently.

Statistical methods {#s1-4}
-------------------

The *χ* ^2^ test was used to investigate associations between weight status (underweight, normal weight and excess weight) and eating habits, breakfast patterns and dinner patterns. Multinomial logistic regression analysis was used to estimate the association between weight status and eating habits, breakfast and dinner patterns. OR and 95 % CI were calculated. The model was adjusted for adolescent's age (as a quantitative variable), sex and language spoken at home (Finnish, Swedish or other). In our analysis, underweight and excess weight categories were compared with the normal weight category. Healthy eaters were the reference category and were compared with unhealthy eaters and fruit and vegetable avoiders. A regular breakfast pattern was the reference category and was compared with an irregular breakfast pattern. Similarly, a regular dinner pattern was the reference category and compared with an irregular dinner pattern. Interaction was tested using the likelihood ratio test. Interaction models were evaluated for: eating habits and sex; eating habits and breakfast patterns; eating habits and dinner patterns.

For all statistical analyses, we excluded in total 954 adolescents with missing values on weight status or missing information on eating habits or breakfast patterns or lunch patterns or dinner patterns.

The main statistical analyses were performed using the statistical software packages IBM SPSS Statistics version 24.0 and SAS version 9.4. A statistical significance level of 5 % was used.

Results {#s2}
=======

In the final study sample, 47·4 % of adolescents were boys (*n* 5005) and 52·6 % were girls (n 5564); 11·1 % of adolescents were categorized as underweight, 73·6 % as normal weight and 15·3 % as excess weight. Compared with other categories, the underweight category had the highest percentage of girls (60·5 %). About 13·4 % of the participants were younger than 11 years old, 63·5 % were 11 years old and 23·1 % were older than 11 years. The majority (93·2 %) spoke Finnish at home. With respect to eating habits, 44·1 % of the study sample was categorized as healthy eaters, 12·3 % as unhealthy eaters and 43·6 % as fruit and vegetable avoiders (Table [1](#tbl1){ref-type="table"}).

Table 1Characteristics of the participants by weight status; adolescents aged 9--14 years (*n* 10 569) from the Finnish Health in Teens (Fin-HIT) study, 2011--2014Weight statusTotal\
(*n*10 569; 100·0 %)Underweight\
(*n* 1171; 11·1 %)Normal weight\
(*n* 7784; 73·6 %)Excess weight\
(*n* 1614; 15·3 %)*n*%*n*%*n*%*n*%*P* value[\*](#t1fn){ref-type="table-fn"}Age\>11 years13911·9106513·721113·1141513·40·01311 years74863·9497763·998461·0670963·5\<11 years28424·3174222·441926·0244523·1SexBoy46339·5376648·477648·1500547·4\<0·001Girl70860·5401851·683851·9556452·6Language spoken at homeFinnish110194·0724993·1150092·9985093·20·010Swedish423·63484·5553·44454·2Other282·41872·4593·72742·6Eating habitsHealthy eaters48941·8349344·967942·1466144·10·009Unhealthy eaters13611·697812·618411·4129812·3Fruit and vegetable avoiders54646·6331342·675146·5461043·6Breakfast patternRegular100886·1636881·8118773·5856381·0\<0·001Irregular16313·9141618·242726·5200619·0Lunch patternRegular102587·5682587·7141187·4926187·60·955Irregular14612·595912·320312·6130812·4Dinner patternRegular101386·5652683·8130180·6884083·6\<0·001Irregular15813·5125816·231319·4172916·4[^2]

Consumption of specific food items for these eating habits groups is described in detail in Fig. [1](#f1){ref-type="fig"}. Healthy eaters ate more dark bread, fresh vegetables, fruits and berries compared with fruit and vegetable avoiders and unhealthy eaters (Fig. [1](#f1){ref-type="fig"}). The fruit and vegetable avoiders consumed less fresh vegetables, fruits and berries compared with the other groups. Unhealthy eaters consumed more sweet pastries, sugary juice drinks and fast food (hamburgers or hot dogs), among other food items.

Fig. 1Frequency of high consumption of specified food items by unhealthy eaters (![](S1368980019001447_inline1.jpg), *n* 1298), fruit and vegetable avoiders (![](S1368980019001447_inline2.jpg), *n* 4610) and healthy eaters (![](S1368980019001447_inline3.jpg), *n* 4661) among adolescents aged 9--14 years (*n* 10 569) from the Finnish Health in Teens (Fin-HIT) study, 2011--2014

The normal weight category had a higher percentage of healthy eaters (44·9 %) compared with underweight (41·8 %) and excess weight categories (42·1 %, *P* = 0·009; Table [1](#tbl1){ref-type="table"}). The underweight and excess weight categories had a higher percentage of adolescents in the fruit and vegetable avoiders group (46·6 and 46·5 %, respectively) compared with the normal weight category (42·6 %). Differences between weight status were also seen according to breakfast and dinner patterns, with regular breakfast and dinner patterns being more frequent in the underweight category (86·1 and 86·5 %, respectively) compared with the normal weight and excess weight categories (*P* \< 0·001).

Lunch patterns were not included in the multinomial logistic regression model since they did not differ between weight status (*P* = 0·955; Table [1](#tbl1){ref-type="table"}). Fruit and vegetable avoiders had an increased risk of underweight (OR = 1·28; 95 % CI 1·12, 1·46) compared with healthy eaters. Interestingly, unhealthy eating habit was not associated with weight status. A decreased risk of underweight (OR = 0·70; 95 % CI 0·59, 0·84) and an increased risk of excess weight (OR = 1·56; 95 % CI 1·37, 1·77) were observed in an irregular breakfast pattern when compared with a regular breakfast pattern. On the other hand, an irregular dinner pattern was inversely associated with underweight (OR = 0·83; 95 % CI 0·69, 0·99) compared with a regular dinner pattern (Table [2](#tbl2){ref-type="table"}).

Table 2OR and 95 % CI for eating habits, breakfast patterns and dinner patterns related to weight status among adolescents aged 9--14 years (*n* 10 569) from the Finnish Health in Teens (Fin-HIT) study, 2011--2014Model 1Weight status[\*](#t2fn1){ref-type="table-fn"}NormalUnderweight[†](#t2fn){ref-type="table-fn"}Excess weight[†](#t2fn){ref-type="table-fn"}*n*%*n*%OR95 % CI*P*value*n*%OR95 % CI*P* valueEating habits Healthy eaters349344·948941·81·00----67942·11·00---- Unhealthy eaters97812·613611·61·160·95, 1·430·15418411·40·900·75, 1·080·243 Fruit and vegetable avoiders331342·654646·61·281·12, 1·46\<0·00175146·51·110·99, 1·240·087Breakfast pattern Regular636881·8100886·11·00----118773·51·00---- Irregular141618·216313·90·700·59, 0·84\<0·00142726·51·561·37, 1·77\<0·001Dinner pattern Regular652683·8101386·51·00----130180·61·00---- Irregular125816·215813·50·830·69, 0·990·04731319·41·090·94, 1·260·239[^3][^4]

We observed a significant interaction between eating habits and dinner patterns (*P* = 0·049). Among adolescents with a regular dinner pattern, fruit and vegetable avoiders had an increased risk of underweight (OR = 1·27; 95 % CI 1·10, 1·46) and excess weight (OR = 1·18; 95 % CI 1·04, 1·34) when compared with healthy eaters. Among adolescents with an irregular dinner pattern, unhealthy eaters were inversely associated with excess weight (OR = 0·58; 95 % CI 0·39, 0·87) when compared with healthy eaters (Table [3](#tbl3){ref-type="table"}).

Table 3OR and 95 % CI for eating habits related to weight status separately by dinner patterns[\*](#t3fn1){ref-type="table-fn"} among adolescents aged 9--14 years (*n* 10 569) from the Finnish Health in Teens (Fin-HIT) study, 2011--2014Model 2Weight status[†](#t3fn2){ref-type="table-fn"}NormalUnderweight[‡](#t3fn){ref-type="table-fn"}Excess weight[‡](#t3fn){ref-type="table-fn"}*n*%*n*%OR95 % CI*P* value*n*%OR95 % CI*P* valueModel for regular dinner pattern[†](#t3fn2){ref-type="table-fn"} Eating habits  Healthy eaters309747·544543·91·00----56243·21·00----  Unhealthy eaters75611·611111·01·150·92, 1·450·21714411·10·990·81, 1·210·930  Fruit and vegetable avoiders267341·045745·11·271·10, 1·460·00159545·71·181·04, 1·340·010Model for irregular dinner pattern[†](#t3fn2){ref-type="table-fn"} Eating habits  Healthy eaters39631·54427·81·00----11737·41·00----  Unhealthy eaters22217·62515·81·300·76, 2·220·3364012·80·580·39, 0·870·009  Fruit and vegetable avoiders64050·98956·31·410·95, 2·080·08515649·80·780·60, 1·030·083[^5][^6][^7]

There was no evidence of interaction between sex and eating habits (*P* = 0·108), and no interaction effects between eating habits and breakfast patterns (*P* = 0·094).

Discussion {#s3}
==========

We found that adolescents who avoided fruits and vegetables were more likely to be underweight compared with healthy eaters. Adolescents with a regular dinner pattern, who also avoided fruits and vegetables, had an increased risk both of underweight and excess weight when compared with healthy eaters, thus emphasizing the importance of these habits. Unhealthy eating was not associated with weight status in our adolescents. An irregular breakfast pattern was associated with a higher risk of excess weight, but a lower risk of underweight compared with adolescents with a regular breakfast pattern. In addition, an irregular dinner pattern in adolescents was associated with a lower risk of underweight when compared with those with a regular dinner pattern. A subgroup of adolescents with a combination of irregular dinner pattern and unhealthy eating habit had a decreased risk of excess weight when compared with healthy eaters.

We found that the combination of avoiding fruits and vegetables and having a regular dinner was related to underweight. Our findings are comparable to those of a Norwegian study, in which the 'unhealthy' cluster was inversely associated with weight status. In that study, unhealthy eating habits consisted of, among other things, an inadequate fruit and vegetable intake and frequent consumption of snacks and soda^(^ [@ref13] ^)^. However, the aforementioned study considered weight status as a continuous variable^(^ [@ref13] ^)^, whereas in our study it was a categorical variable.

In the present study, we had limited information on the adolescents' diet due to the shortness of the FFQ that was adapted to the age group, which may hamper the description of diet especially among fruit and vegetable avoiders. One possible explanation for higher risk of underweight among fruit and vegetable avoiders may be that they were picky eaters who restricted their vegetable and fruit intakes, but also had a little variety in other food consumption^(^ [@ref36] ^)^. Picky eating has been associated with an increased risk of underweight and a lower weight status in a systematic review^(^ [@ref37] ^)^, which is in accordance with our result. Underweight among fruit and vegetables avoiders could be due to a small portion size and limited energy intake, but we could not address these with our FFQ.

Fruit and vegetable avoiders with a regular dinner pattern had a higher risk of excess weight in adolescence. Similar results were found in another study among Finnish girls reporting that a low consumption of fruits and vegetables, and infrequent intake of junk food (i.e. pizza, candies or potato chips) were associated with excess weight. In that study, the group had other unhealthy behaviours as well, such as high screen time^(^ [@ref26] ^)^. Unfortunately, we did not include information on other lifestyle factors, which could be meaningful here. Avoiding fruits and vegetable seems a potential indicator of weight status in adolescents.

In our study, unhealthy eating was not linked to weight status. Results from a Norwegian study^(^ [@ref38] ^)^ support our findings, as they did not observe any association between consumption of unhealthy food items (i.e. junk food, sugar-sweetened soft drinks, biscuits) and risk of being overweight. On the contrary, an Italian study that included 58 928 adolescents observed an inverse association between excess weight and unhealthy food items (i.e. sweets, crisps and soft drinks)^(^ [@ref39] ^)^.

Unhealthy eating habit and an irregular dinner pattern may be related because of snacking, although the evidence is inconsistent. One earlier study^(^ [@ref40] ^)^ reported that replacing meals with unhealthy snacks and extra foods was not associated with weight status in American adolescents. However, more recent studies in American adolescents^(^ [@ref41] ^)^ and Finnish men aged 17--21 years^(^ [@ref27] ^)^ reported associations between snacking and a lower weight. We propose that unhealthy eaters and those with an irregular dinner pattern still had a moderate daily intake of energy that allowed them to maintain a healthy weight and protected them from underweight.

Previous international^(^ [@ref16] ^--^ [@ref20] ^)^ and Finnish^(^ [@ref22] ^,^ [@ref23] ^)^ studies have established associations between skipping breakfast and excess weight in children and adolescents, and our findings are in line with these. Besides this, we noticed that an irregular breakfast pattern protected against underweight. Our findings are unique in that sense; indeed, an Australian study^(^ [@ref42] ^)^ demonstrated that skipping breakfast was associated with a higher risk of underweight. However, in that study^(^ [@ref42] ^)^ skipping breakfast was defined by an energy intake less than 210 kJ (50 kcal) and was evaluated only at two time points (two 24 h recalls) in 2--17-year-old participants. We defined breakfast pattern as regular when consumed every school day and irregular if consumed less frequently. The mechanisms that explain how an irregular breakfast pattern affects underweight remain uncertain. Moreover, an irregular breakfast pattern might be related to other unhealthy behaviours that lead to weight gain, such as sedentary lifestyle as demonstrated previously^(^ [@ref23] ^)^.

To our knowledge, the inverse association of an irregular dinner pattern with underweight has not been reported before. Moreover, skipping a main meal has been shown to be related to lower dietary quality^(^ [@ref43] ^)^. We also observed that unhealthy eaters with an irregular dinner pattern were less likely to belong to the excess weight category. A previous Finnish study^(^ [@ref22] ^)^ on children supports our findings on the association between an irregular dinner pattern and a higher weight status. A careful interpretation of these findings is warranted, since we had few adolescents (*n* 40) in this subgroup. Usually children eat dinner at home, which emphasizes the role of parents and the home environment. Child's food intake, parental feeding behaviour^(^ [@ref44] ^)^ together with parenting practices^(^ [@ref45] ^)^ have earlier been associated with child's weight status. It is possible that adolescents with the irregular dinner pattern have a home environment that stimulates behaviours related to underweight. Irregular eaters may eat something else that they do not consider as a meal.

The strengths of our study are a large nationwide cohort, which allowed us to study the current eating habits, breakfast and dinner patterns, and their associations both with underweight and excess weight in adolescents. Available data permitted us to examine potential confounders and modifiers for these associations. Furthermore, the data allowed us to evaluate the interaction between eating habits and dinner patterns in adolescents, which is a novel finding in the current study.

Although an earlier study^(^ [@ref46] ^)^ showed that a short FFQ was a reliable tool for this age group, one limitation of our study is that we are unaware of the age group's ability to accurately complete questionnaires. Moreover, the food items included in our FFQ were key indicators to assess both healthy and unhealthy diet among adolescents as suggested by the HBSC Study protocol^(^ [@ref33] ^)^. It can be debated whether adolescents who belonged to the fruit and vegetable avoider group were also avoiding some other food items that our FFQ did not capture. Another limitation was the low response rate but, as shown, the sociodemographic characteristics were similarly distributed as in the Finnish paediatric population^(^ [@ref30] ^,^ [@ref31] ^)^. We had a cross-sectional study design; thus, we cannot conclude any causal relationship between eating habits and weight status based on our findings.

In our study, we were not able to record total energy intake and thus we could not adjust for this variable in the analysis. In addition, overweight and obese adolescents under-report their dietary intake more frequently, while underweight adolescents tend to over-report^(^ [@ref47] ^)^. Hence, a reporting bias may have influenced our findings.

Conclusion {#s4}
==========

In conclusion, fruit and vegetable avoiders had a higher risk of underweight, while adolescents with an irregular breakfast pattern had an increased risk of excess weight. Those who ate breakfast and dinner irregularly were less likely to be underweight. Future research is needed to study the causal relationship between eating habits and weight status among adolescents using a longitudinal design. Our findings can be used to help plan future interventions and guide public health professionals working with adolescents.
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